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ABSTRACT. 


The  experiments  described  in  this  thesis  were 
carried  out  in  order  to  design  an  experimental  arrange¬ 
ment  using  second  sound  in  liquid  helium  II  to  excite 
a  resonator  analogous  to  a  Helmholtz  resonator  in  a  gas 

Part  I  describes  the  experiments  on  oscillations  in  the 

n  '  0 

flow  of  liquid  helium  II  at  temperatures  1.3  K  -  2.01  K 
Only  isothermal  oscillations  In  the  case  of  helium  II 
film  type  supeleak  were  carried  out  successfully. These 
experiments  were  undertaken  to  design  a  suitable  reso¬ 
nator. Due  to  the  failure  of  getting  a  wire-f ill ed- tube 
type  superleak  properly  made  further  experiments  on 
oscillations  could  not  be  carried  out. Part  II  describes 
the  experimental  arrangements  designed  to  generate  the 
second  sound  in  a  reversible  manner. 


1. 


INTRODUCTION. 

The  object  of  the  work  described  in  this  thesis 
is  to  develop  the  necessary  experimental  techniques  for  an 
experiment  using  second  sound  in  liquid  helium  II  to  excite 
a  special  type  of  resona. tor. The  resonator  in  this  case  is 
an  anlogue  of  a  Helmholtz  resonator  in  a  gas  corresponding 
to  a  resonator  in  the  superfluid  in  helium  II. The  object  of 
such  an  experiment  (first  suggested  by  Manchester ,1957) 
is  to  use  second  sound  to  excite  such  a  superfluid  reso¬ 
nator  and  from  measurements  of  the  response  characteristics 
of  the  resonator  to  obtain  information  on  the  flow  of 
helium  II  through  the  superleak  which  constitutes  the,Tn©ck” 
of  the  resonator. A  similar  experiment  for  a  resonator  with 
a  neck  rather  wider  than  a  superleak  has  been  reported  by 
Kramers  (I960). The  two  principal  requirements  for  this 
experiment  are  the  provision  of  a  suitable  resonator  and  a 
second  sound  source. 

The  resonator  must  be  adiabatic  and 
have  a  supeleak  of  well  defined  geometry  (Manchester  1Q57) 
and  the  second  sound  source  must  not  produce  a  net  inout 
of  heat  to  the  helium  II  bath  -  In  other  words, the  second 
sound  must  be  produced  reversibly . If  this  were  not  so  then 
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the  condition  of  temperature  equilibrium  for  the  contents 
of  the  resonator  and  surrounding  bath  could  not  be  main¬ 
tained  and  therefore  the  experiment  could  not  be  carried 
out  under  the  stable  conditions  necessary. 

The  first  part 

of  this  thesis  will  be  concerned  with  a  discussion  of  the 
oscillations  in  the  flow  of  liquid  helium  II, the  second 
part  will  describe  the  generation  of  second  sound  rever¬ 
sibly. An  experiment  to  ndrivef’  the  resonator  has  not  yet 
been  carried  out. 


. 
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PART  I. 


OSCILLATIONS  IN  LIQUID  IiELIUM  II. 


CHAPTER  I 
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OSCILLATIONS  IN  LIQUID  HELIUM  II. 

At  temperatures  below  the  X-point, liquid  helium 
(known  as  Helium  II)  exhibits  some  remarkable  properties, 
the  most  important  of  which  is  the  "superfluidity"  discovered 
by  Kapitza  (1938)  ;  Allen  and  Misener  ( 1938 ) .According  to  the 
theories  of  Tisza  (1938,19^-7)  and  Landau  (lhi|l)  the  properties 
of  helium  II  can  be  described  from  a  phenomenological  stand¬ 
point  by  considering  it  as  a  mixture  of  two  types  of  fluid” 

"n  oraal"  fluid, with  ordinary  liquid  properties  and  "superfluid" 
which  Is  assumed  to  carry  little  or  no  entropy, and  to  be  almost 
entirely  non-viscous. 

Allen  and  Misener  (1938), In  the  course 
of  their  pioneering  experiments  on  the  properties  of  the 
superfluidity  of  liquid  helium  II, first  discovered  the  osci¬ 
llations  of  a  liquid  helium  level  in  a  container  connected  to 
the  helium  bath  via  a  superleak  (a  narrow  channel  through 
which  only  the  superfluid  could  flow), Atkins  (1950)  reported 
a  similar  type  of  oscillation  during  his  experiments  on  the 
measurements  of  the  thickness  of  the  helium  II  film. As  the 

temperature  difference  between  the  container  and  the  bath  in 

-6  0 

these  experiments  was  very  small  (of  the  order  of  10  K  ) 
these  are  known  as  "Isothermal  oscillations". 


§yi* 
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Robinson  (1951)  predicted  an  adiabatic  type  of 
oscillation  if  the  container  and  bath  could  be  thermally 
isolated. Manchester  (1955)  successfully  carried  out  expe¬ 
riments  to  show  the  existence  of  these  adiabatic  oscillations. 

A  brier  outline  of  the  theory  of  oscillations 
in  liquid  helium  II  will  be  given  in  this  chanter. 

"ISOTHERMAL  OSCILLATIONS" 


In  a  system  consisting  of  a 

vessel  containing  liquid  helium  II  and  connected  to  a  liquid 
helium  bath  via  a  superleak, isothermal  oscillations  occur 
If  good  thermal  contact  is  maintained  between  the  two, Though 
It  was  in  the  early  experiments  of  Allen  and  Misener  (19,38) 
that  these  oscillations  were  first  observed  it  was  not  until 
Atkin's  (1950)  experiments  that  care  was  taken  to  ensure 
good  Isothermal  conditions. 


In  order  to  understand  the 

mechanism  of  these  oscillations , consider  a  vessel  contain¬ 
ing  liquid  helium  II  Immersed  in  a  liquid  helium  bath  and 
emptying  through  through  the  film  (Fig. A). The  two  levels 
of  liquid  helium  Inside  the  vessel  and  outside  in  the  bath 
eventually  achieve  the  same  height, but  the  rate  of  transfer 
Is  almost  independent  of  the  level  difference , so  the  film 
Is  still  moving  rapidly  when  near  the  bath  level  and  its 
momentum  causes  the  level  to  overshoot  and  oscillate  about 


' 
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FIGURE.  (  ■ ) 


IS  OTHER7  IAL  ISCILLATIOLiS  FIR  FILE. 


FIGURE.  ( 


VES°EL  FOR  ADIABATIC  OSCILLATIOMS 
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its  equilibrium  position. This  oscillation  can  be  regarded 
as  a  periodic  interchange  of  energy  between  the  kinetic 
energy  of  the  film  and  the  potential  energy  of  the  liquid 
inside  and  outside  the  vessel .Atkins  made  the  assumptions 
that  the  velocity  in  the  film  at  a  fixed  height  is  inde¬ 
pendent  of  the  distance  from  the  wall,  and  that  the  thickness 
of  the  film  is  independent  of  its  velocity. With  these  assum¬ 
ptions  the  frequency  of  an  oscillation  was  found  to  be 


where  Mr"  and  MR,f  are  the  inner  and  outer  radii  of  the  beaker 
and  "1"  is  the  height  of  the  rim  of  the  beaker  above  the 


bath  level,  ^  and  P  are  the  densities  of  the  superfluid 


and  bulk  fluid, "gn  is  the  acceleration  due  to  gravity ,  ,Td" 
is  the  film  thickness  at  a  given  height  r,HtT  above  the  sur¬ 
face  of  the  bath. 


This  value  of  the  frequency  of  an  osci 


llation  is  consistent  with  the  frequency  of  the  isothermal 
oscillations  in  case  of  the  flow  through  a  sunerleak  of 
fixed  geometry  such  as  a  wire-filled- tube  (as  described  in 
chapter  II  )  as  investigated  by  Robinson  (1Q51) 


where  "  CT "  Is  the  cross-sectional  area  of  the  superleak 
”  1 ff i s  its  length  and  "a"  the  cross-sectional  area  of  the 
observational  capillary  and  the  rest  of  the  symbols  have 
the  same  meaning  as  In  the  Atkins'  relation. 

"ADIABATIC  OSCILLATIONS” 

In  his  analysis  of  oscillations 
in  liquid  helium  II, Robinson  (1951)  suggested  that  if 
the  vessel  and  bath  were  isolated , then  it  would  be  mainly 
the  "fountain  effect"  (Allen  and  Jones  1938  )  and  not 
gravitation  which  determines  the  frequency  of  the  osci¬ 
llations. 

The  adiabatic  oscillations  can  be  considered 
with  the  help  of  the  Pig. B. The  thermal  contact  between 
the  inside  vessel  and  the  bath  of  liquid  helium  is  re¬ 
duced  to  a  minimum  by  surrounding  the  experimental  ve¬ 
ssel  with  a  vacuum  jacket. A  superleak  similar  to  Allen 
and  Misener»s  (1939)  joins  the  inside  vessel  with  the 
helium  bath. Temperature  differences  between  the  Inside 
vessel  and  bath  liquid  arise  due  to  the  flow  of  liquid  from 
one  to  the  other. If  the  liquid  (say)  flows  from  inside 
the  vessel  to  the  bath, the  temperature  of  the  inside 
vessel  rises  because  of  the  mechano-calori c  effect. This 
sets  the  temperature  gradient  in  such  a  direction  that 


' 
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the  thermo-mechanical  effect  tends  to  force  the  liquid 
back  into  the  vessel. As  the  fluid  moving  through  the 
superleak  has  sufficient  momentum, oscillations  set  in. 

The  frequency  of  these  oscillations 
given  by  Robinson  (see  the  original  paper  for  details, 
1^51)  was 


where 


MS"  and  "C"  are  the  entropy  and  specific  heat  respectively 
of  liquid  helium  II, "V"  is  the  voulme  of  the  liquid  helium 
Inside  the  container  and  the  other  symbols  have  the  same 
meaning  as  before.  (dp/dT)va^  is  the  gradient  of  the 
vapour  pressure  curve, and  T  is  the  absolute  temperature. 

In  his  analysis  Robinson  divided  the  solution  of  the 
differential  equation  for  the  frequency  into  three  diff¬ 
erent  regions , depending  on  how  good  was  the  thermal  con¬ 
tact  between  the  vessel  and  the  bath. These  three  regions 
are  shown  in  Fig.li  (d),viz  the  "isothermal"  ,  "aperiodic" 
and  "adiabatic"  regions. 

The  relation  for  the  frequency 
of  adiabatic  oscillations  may  also  be  written  as 

“a  =  «2  <  f v  )4 

if  the  effects  of  gravitation  and  the  term  involving  the 


' 
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gradient  of  the  vapour-pressure  curve  are  ignored. The  second 
sound  velocity  is  given  by 


This  expression  for  to  is  analogous  to  the  expression  for 


a 


the  resonant  frequency  of  a  Helmholtz  resonator  in  first 
sound  and  can  be  thought  of  as  giving  the  resonant  frequency 
of  a  second  sound  resonator. Thus  it  is  possible  in  principle 
to  excite  this  system  of  insulated  container  and  suoerleak 
to  resonance  by  "driving"  it  with  an  external  second  sound 
source  and  thus  to  observe  the  nature  of  its  amplitude. vs 
frequency  characteristics. If  this  could  be  done  then  the 
flow  of  helium  through  the  superleak  could  be  examined  in 
a  rather  unusual  way .  Quanta  1 1 ve  results  on  the  damping  of 
the  system  could  be  used  to  examine  the  applicability  of 
several  types  of  equations  of  motion  which  have  been  suggested 
by  different  theoretical  approaches  to  the  problem( see 
Daunt  and  Smith, 195U) *The  resonator  analogue  involves  adia¬ 
batic  oscillations  only  but  some  measurements  on  isothermal 
oscillations  were  made  in  the  hope  that  they  would  supply 
data  on  the  flow  characteristics  of  the  superleak  used. 

These  measfurements  did  not  give  a  straight  forward  answer 
as  is  discussed  in  Chapter  IV. 


•  . 
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CHAPTER  II 

EXPERIMENTAL  APPARATUS 

The  experiments  designed  to  study  the  isother¬ 
mal  or  adiabatic  oscillations  discussed  in  Chanter  I 
required  a  cryostat  In  which  visual  observations  could 
be  made  and  with  little  alteration  the  same  cryostat 
could  be  used  for  the  reversible  generation  of  second 
sound. This  would  then  allow  the  experiment  involving  a 
resonator  driven  by  second  sound  to  be  performed . Two 
experimental  vessels  were  designed, one  making  use  of  an 
artificial  superleak  -  a  wire  filled  tube  (Manchester 
1955)  t  &nd  the  other  that  of  natural  sunerleak  viz  the 
helium  film  (Atkins  1950). 

A  detailed  account  of  the 

characteristics  of  the  cryostat  and  the  experimental 
vessels  designed  is  give  In  this  chanter. 

THE  CRYOSTAT. 

The  cryostat  designed  (Pig.  1  )  had  the 

3arne  general  features  as  in  any  other  cryostat  used  for 

o  o 

work  between  the  temperatures  1  K  -  K.The  unique  fea¬ 

ture  of  this  cryostat  was  the  use  of  two  large  copper-glass 
seals  C-^  and  C  .The  copper  to  glass  seals  enabled  glass 
to  be  used  for  the  walls  of  the  two  chambers  -  the  vacuum 
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1” 

jacket  and  the  experimental  chamber. The  inner  seal  CP  2  - 

^  8 

0.  D.  and  1^ "  long  was  used  as  the  experimental  chamber. 

3” 

The  outer  seal  C  2  -  O.D.  and  16-V  long  was  used  as  the 

1  4 

vacuum  jacket  to  isolate  the  experimental  vessel  E  from 
the  helium  bath  at  4.2°K.This  helium  bath  wa s  a  liquid  helium 
dewar  with  80mm  I.D.  and  overall  length  of  88  cm. This  was 
shielded  by  liquid  air  in  a  dewar  of  125  mm  I.D.  and  overall 
length  of  70  cm. 

The  experimental  vessel  (a  detailed  account 
'to  be  given  later  )  was  mounted  on  the  carriage  C  and  was 
moved  up  and  down  by  means  of  the  winch  W  and  fishing  line 
I, being  guided  by  the  pillars  R.A  needle  P  was  soldered  on 
one  of  the  pillars  so  that  when  after  finishing  an  experi¬ 
ment  the  carriage  was  pulled  up  all  the  way, the  bulb  B 
(Pig. 2)  could  be  broken. 

n 

The  pumping  lines  were  made  of  3/b¬ 
and  3/8"  thin  walled  inconel  tubing  for  V-^  and  Vp  respectively. 
These  were  used  to  minimize  heat  leakage  due  to  the  thermal 
conduction  from  the  room  temperature  end  of  the  tubes. To 
avoid  radiation  down  the  pumping  tube  to  the  helium  chamber 
Vx  the  pumping  tube  was  broken  by  inserting  a  small  rectag- 
ular  brass  box  A. Below  this  radiation  trap  the  pumping 
line  was  £  inch  inconel  tubing. All  joints  between 
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the  metal  pieces  were  connected  by  brass  ferrules  and 
were  soft  soldered. The  glass  jackets  were  soldered  in 
place  with  a  Wood’s  metal  joint  between  the  copper  part 
and  the  metal  body  of  the  cryostat. ( See  the  photograph 
on  page  14) . 


The  helium  was  transferred  by  opening  the 
needle  valve  N  operated  with  the  help  of  knob  K.By  re¬ 
ducing  the  vapour  pressure  over  the  boiling  liquid 

o 

helium  the  temperature  could  be  varied  between  4.2  K  - 

o 

1.3  K.This  was  done  by  pumping  through  the  line  ( ) . 

For  measuring  the  vapour  pressure  inside 
the  chamber  a  mercury  and  an  oil  manometer  were  co¬ 
nnected  by  a  stainless  steel  tube  of  l/l6  inch  Q.D. 

< 

passing  through  the  3/8  inch  Q.D.  inconel  tube  used  for 
pumping  over  the  jacket  i^.This  vacuum  jacket  around  the  tube 
was  provided  to  minimize  the  thermal  disturbance  from 
outside  which  could  affect  the  vapour  pressure  reading. 

(See  Clement, Logan  and  Gaffney  Phys.  Rev.  100  ,743  (1955)). 

A  mechanical  pump  with  a  speed  of  100  litres 
per  minute  was  used  for  securing  the  low  vapour  pressure 
in  the  helium  chamber. The  vacuum  jacket  was  evacuated 
with  a  "Speedivac"  oil  diffusion  pump  of  speed  80  litres 
per  second. 


. 


. 


"GLASS  JACKETS  SHOWING  EXPERIMENTAL  CHAMBER" 
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In  order  to  measure  the  high  vacua.  In  V-^  and  a 

Phillips  tyoe  cold  cathode  Ionization  gauge  (H. Martin  and 

Co. Chicago)  was  used. Typical  values  achieved  over  a  number 

of  runs  were  -  at  room  temperature  1  -  3  x  10  ^  mm  of  Hg. 

—  t*  —  v 

and  at  liquid  air  temoerature  1  x  10  mm  to  8  x  10  mm 
of  Hg.  and  at  liquid  helium  temperature  8  -  4  x  10“^mm  of 

Hg. 

EXPERIMENTAL  VESSELS . 

To  observe  the  Isothermal  type  of 
oscillations  two  different  vessels  (Figs.  2  and  3)  were 
made. We  call  them  (a) the  Film  Type  and  (b) Superleak  Type. 

(a)  FILM  TYPE  VESSEL. 

An  arrangement  similar  to  that  descri¬ 
bed  by  Atkins  (10.50)  was  used.  In  the  present  case  the  di¬ 
mensions  of  the  vessel  C  (Fig. 2)  were  2.1  cm  long, 2  cm  in 
diameter , base  thickness  0.023  Inch, top  0.016  Inch  thick  and 
the  wall  was  0.006  Inch  thick. This  was  joined  by  means  of 

H 

a  l/8  diameter  kovar  seal  K  to  a  glass  capillary  of  0.61  mm 
1. 1). The  walls  of  the  capillary  were  flared  out  to  smoothly 
match  to  those  of  a  tube  of  larger  diameter  (I.D.  2.4  111171  ) 
which  dipped  into  helium  bath. 

(b)  " SUPERLEAK' "  TYPE  VESSEL. 

A  copper  cannister  of  the  same 
dimensions  as  given  In  (a)  was  made  out  of  a  copper  piece 
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FIGURE  (2) 


FIGURE. ( 3) 


A 


K 

C( COPPER  VESS 


X) 


Q 


11 


WIRE- FILLED- TU RE  VESSEL . ( SUPERLEAK ) 
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and  the  base  thickness  was  reduced  to  0,016  inch, A  wire- 
filled-tube  (details  to  be  given  in  Appendix  I)  made  at 
TJ.B.C  by  Manchester  (1955)  was  used  as  a  sunerleak  and  was 
soft  soldered  at  W  (Fig, 3), A  capillary  A  (I.D.  0.5  mm) 
similar  to  the  one  used  in  (a)  was  slightly  modified  by 
having  the  upper  end  closed  by  the  bulb  B.This  precaution 
was  taken  to  avoid  any  contribution  to  the  observed  flow 
from  the  helium  II  film. The  bulb  B  was  such  that  it  could 
be  easily  broken  while  the  apparatus  was  being  warmed  ud 
after  an  exp e rim  an  t. This  vessel  was  placed  in  the  carriage 
C  (Fig,  1)  In  place  of  the  vessel  (a). As  the  temperature 
inside  the  experimental  chamber  dropped  below  the  k-point 
the  superfluid  part  of  the  helium  travelled  through  the 
channels  of  the  sunerleak  and  filled  the  copoer  cannister. 
After  some  two  hours  of  pumping  over  the  helium  bath 
(FIg.l)  and  holding  the  temper  ture  at  1.6  K  (say)  the 
superfluid  became  visible  In  the  capillary. 

ELECTRICAL  LEADS. 

The  electrical  leads  out  of  the  cryostat's 
experimental  chamber  were  about  a  meter  long  and  made  from 
3  and  S,  ff  40  gauge*  single  formvan*  cotton  Insulated*  copper 
wires, To  allow  for  the  heat  influx  through  the  wires  due 
to  thermal  conduction, the  wires  were  thermally  anchored  at 
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A( Fig. 1) .This  anchor  was  made  from  a  copper  plug  which 
was  electrically  insulated  with  G.E.  varnish  (baking  type). 
The  wires  were  wound  a  few  times  on  the  cylinderical  plug 
and  held  in  position  with  more  varnish, The  plug  was  then 
put  in  place  and  soldered  in  with  Wood’s  metal, 

GENERAL  BEHAVIOUR  OF  THE  CRYOSTAT. 

Once  all  the  metal  joints 

were  properly  soldered  the  two  vacuum  jackets  gave  good  high 
vacua  within  a  reasonable  time  of  pumping, In  the  early 
runs  It  was  noticed  that  the  rate  of  loss  of  liquid  helium 
was  very  high  and  this  was  caused  by  some  oscillations  in 
the  helium  gas  column  (see  Keesom's  book  on  Helium  p  97) 
giving  a  humming  noise. This  was  remedied  by  soldering  copper 
discs  at  two  places  along  the  pumping  lines  of  the  two 
jackets. Then  as  the  helium  was  transferred  into  the  inside 
system  (experimental  chamber)  the  oscillations  set  in  again. 
These  were  removed  by  pumping  while  transferring. The  osci¬ 
llations  disappeared  but  as  soon  as  the  liquid  helium 
reached  some  certain  level  the  oscillations  set  in  again. 
These  were  removed  by  pumping  the  space  at  the  top  of  the 
tube  which  allowed  the  fishing  line  carrying  the  carriage 
to  be  raised  or  lowered. This  removed  the  static  column  of 
helium  gas  In  the  tube  and  this  seemed  to  be  the  column  of 
gas  which  was  osclliating.lt  seems  therefore  that  all 
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static  columns  of  helium  gas  in  a  cryostat  should  either  be 
eliminated  or  as  in  the  case  of  the  vapour-pressure  tube 
they  should  be  surrounded  with  a  vacuum  jacket. 

In  the  earlier 

trial  experiments  a  carbon  resistance  (Allen  and  Bradley 
10  ohm  resistor  placed  Inside  the  exoerimental  chamber  at 
the  bottom)  was  also  used  to  measure  the  temoerature  changes, 
in  addition  to  the  vapour  pressure  measurements. As  the  liquid 
level  Inside  the  experimental  chamber  fell  so  low  that  the 
experimental  vessels  were  above  the  level, it  became  necessary 

to  transfer  more  liquid  inside  the  experimental  chamber  from 

o  v 

the  liquid  helium  bath  (1|.2  K)  to  the  already  pumned  liquid 
( 1 . 3°K) .The  mixing  of  these  two  liquids  exhibited  a  peculiar 
type  of  oscillations  recorded  with  the  help  of  the  carbon 
resistance  thermometer. 

The  liquid  at  the  bottom  warms  up  to 
the  X-point.The  upper  part  of  the  liquid  started  to  cool  down 
slowly  as  pumping  was  started . Osc illations  in  the  temperature 
occured  just  when  the  temperature  of  the  upper  portion  reached 
the  temperature  of  the  lower  section  I.e.,  approximately  at 
the  X-point. These  oscillations  died  out  when  the  temperature 
of  the  entire  liquid  began  to  fall  down. 
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CHAPTER  III. 


EXPERIMENTAL  PROCEDURE. 

The  vacuum  space  was  checked  thoroughly  to  give 
good  thermal  insulation  before  an  experiment  was  carried 
out. This  was  done  pumping  overnight . Rapid  cooling  could 
produce  undue  strain  on  the  copper-glass  seals, so  extreme 
care  was  taken  in  cooling  the  system. The  outer  parts  of  the 
apparatus  were  first  cooled  by  immersing  them  in  a  dewar 
of  liquid  air  for  a  few  hours. Helium  exchange  gas  was  in¬ 
troduced  into  the  two  vacuum  jackets  and  to  help  the 
interior  parts  cool  down  to  liquid  air  temperature. 

After 

this  ore-cooling  liquid  helium  could  be  tran sf erred . This 
was  done  by  quickly  emptying  the  liquid  air  from  the  dewar 
which  was  then  replaced  on  the  apparatus ,  sealed  at  the  topt, 
and  surrounded  by  another  dewar  containing  liquid  air. The 
inner  dewar  was  connected  to  the  automatic  helium  recovery 
system. When  the  liquid  level  was  some  couple  of  inches 
above  the  needle  valve  N  (fig.l),the  helium  was  transferred 
in/  the  experimental  chamber, by  opening  the  valve  with  the 
knob  K.By  pumping  away  the  exchange  gas  from  V?  the  thermal 
contact  between  the  helium  bath  and  the  inner  chamber  was 
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broken  and  lower  temperatures  were  achieved  by  pumping 
over  the  helium  in  the  experimental  chamber. After  some 
two  hours  of  pumping  the  temperature  usually  fell  to  1.3°K, 
The  liquid  helium  used  in  all  experiments  was 
produced  by  the  Collin’s  liquefier  in  the  Physics  Depart-* 
ment  at  the  University  of  Alberta. 

VAPOUR  PRESSURE  MEASUREMENTS. 

Two  manometers  mounted  on  a 

board  at  one  side  of  the  cryostat  were  used  to  measure 
the  vapour  pressure  in  the  helium  experimental  chamber. 

These  were  continuously  evacuated  on  the  reference  side. 

The  T  55  E  temperature  scale  defined  by  Clement , Logan  and 
Gaffney  (1955)  was  used  to  convert  the  vapour  pressure 
readings  to  absolute  temperatures. 

OS C ILL AT I  QMS  MEASUREMENTS . 

A  neon  lamp  of  2  watts  was  used 
to  illuminate  the  apparatus  for  observing  the  meniscus. The 
meniscus  was  observed  with  a  cathetometer  having  a  scale 
in  it’s  eye-piece  (one  eye-piece  scale  division  =  0.05?3  mm). 
The  inner  meniscus  was  allowed  to  settle  down  before  the 
readings  for  this  and  bath  level  were  taken. 

Oscillations 

of  the  meniscus  level  in  the  capillary  of  the  experimental 


A 


22 


vessel  (see  Pig. 2)  were  produced  by  raising  or  lowering 

the  carriage  supporting  the  vessel  to  produce  a  difference 

of  several  millimeters  between  the  original  meniscus  level 

and  the  bath  surrounding  it. The  liquid  meniscus  level  sought 

to  return  to  the  bath  level  and  actually  overshot  the  bath 

level  position, performing  oscillations  about  this  position 
a, 

with, period  of  the  order  of  several  seconds. The  position 

A 

of  the  meniscus  at  regular  time  intervals  was  observed  in 
the  cathetometer .A  stop  watch  graduated  in  tenths  of  a 
second  was  used  to  measure  the  time. 
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CHAPTER  IV. 

THE  OBSERVATIONS  ON  ISOTHERMAL  OSCILLATIONS 
In  the  course  of  preliminary  work  on  second  sound 
excitation  of  oscillations  in  an  adiabatic  container  it  was 
decided  to  carry  out  some  experiments  on  Isothermal  osci¬ 
llations  using  a  wire-filled- tube  superleak.lt  was  thought 
that  these  would  provide  a  useful  check  on  the  superleak 
geometry  by  using  the  measured  value  of  frequency  of  osci¬ 
llations  to  give  a  value  of  the  superleak  cross-section 
independent  of  the  value  obtained  from  gas  flow  measure¬ 
ments  and  more  likely  to  be  the  value  effective  in  suoer- 
fluid  flow. 

A  simple  copper  chamber  was  constructed  as  shown 

in  Fig. (3)  and  the  wire-filled- tube  superleak  fixed  in 

place  with  soft  solder. Oscillations  were  observed  with  this 

o  o 

arrangement  at  several  temperatures  in  the  1.3  to  2.1  K 
temperature  range. An  example  of  the  type  of  oscillations 
is  shown  in  Fig. (4)  a. 

The  interesting  feature  of  these 
oscillations  is  that  the  frequency  did  not  agree  with  that 
given  by  the  relation  ( 3ee  Chapter  I ) 
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and  that  as  the  temperature  rose, the  damping  of  the  osci¬ 
llations  increased  to  such  a  degree  that  a  stape  was  reached 
where  there  was  no  observable  oscillatory  behaviour  and  the 
motion  of  the  displaced  meniscus  in  the  capillary  tube  slowly 
approached  the  bath  level  with  no  observable  overshoot  ( see 
Fig.(l|)  b). Table  I  gives  the  values  of  oscillations  vs 
frequencies  and  values  of  the  logarithmic  decrement. 

There 

was  a  suspicion  that  a  leak  may  have  appeared  in  the  copper 
chamber  at  some  time  during  or  after  the  particular  exoeri- 
mental  observations  were  made  and  that  the  oscillations 
observed  were  not  simply  due  to  flow  through  the  superleak. 
Efforts  to  check  this  have  been  frustrated  up  to  the  pre¬ 
sent  time-  because  the  wire-filled- tube  became  blocked 
shortly  after  the  above  measurements  were  made. Attempts  to 
make  another  superleak  met  with  no  success  because  of 
cracking  of  the  tubing  surrounding  the  wires  after  it  had 
been  drawn  and  annealed. Until  the  cause  of  this  cracking  is 
understood  a  suitable  wire-filled- tube  for  the  above  mea¬ 
surement  will  not  be  available. 

Before  the  difficulties 

with  the  wire-filled- tube  were  encountered, another  expe¬ 
riment  was  performed  in  which  oscillations  were  observed 
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T  A  B  L  E.I 


TEMPERATURE 

(Degrees  K) 

FREQUENCY  co 

( Radians/Sec ) 

LOGARITHMIC 

DECREMENT. 

THEORETICAL 

VALUES  FOR  co 
( Radian  s/sec ) 

1. 3l8°K 

1.65 

0.167 

2.  714- 

1.397°K 

1.73 

0 . 284 

2.89 

l.k5k°K 

1.59 

0.160 

3.00 

0 

2.101  K 

NO 

OSCILLATIONS 

ISOTHERMAL  OSCILLATIONS  FOR 

t 


WIRE-FILLED- TUBE  TYPE  (SUPERLEAK) 
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T  A  B  L  E. II 


TEMPERA TURK 

(degrees  K) 

FREQUENCY 

( Radians/ sec 

LOGARITHMIC 

)  DECREMENT 

THEORETICAL 

VALUES  FOR 

to^(  radians/sec 

0 

1.309  K 

0.30  4 

0.095 

0.320 

1 . 710 °K 

0.284 

0.247 

0.268 

0 

1.895  K 

0.202 

0.200 

0.242 

ISOTHERMAL  OSCILLATIONS  FOR  THE  FILM  TYPE  VESSEL. 

(*-  The  values  are  estimated  by  making  use  of  Atkin* s(  1951 ) 


relation  given  In  chapter  I.) 
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using  the  same  copper  cannister  and  a  similar  piece  of 
Pyrex  capillary  (see  Pig. 2)  but  this  time  using  the  helium 
II  film  as  a  superleak. An  example  of  the  oscillations 
observed  with  this  arrangement  is  shown  in  Pig.  (tj.)c.It  can 
be  seen  that  in  this  case  the  damping  of  the  oscillations 
is  much  less  and  that  it  does  not  Increase  so  markedly  with 
increasing  temperature  as  In  the  case  with  the  wire-filled- 

4 

tube  suoerleak. Values  of  frequency  and  logarithmic  decre¬ 
ment  were  taken  and  are  given  In  Table  II. 

The  difference 

in  damping, in  the  two  sets  of  measuremen ts , either  points 
to  a  difference  in  the  superfluid  motion  in  the  case  of 
two  superleaks  or  to  a  difference  in  some  other  physical 
effect  which  could  influence  the  fluid  motion  between 
container  and  bath. Leaving  aside  the  question  of  the  dif¬ 
ference  in  superfluid  motion  in  the  two  types  of  suoerleaks, 
as  It  can  not  be  resolved  at  present, we  can  discuss  the 
damping  produced  by  temperature  differences  between  the 
Inside  and  outside  of  t>  e  container. The  effect  of  a  non¬ 
ideal  isothermal  situation  -  i.e.  lack  of  comnlete  heat 
exchange  between  container  and  bath  has  been  discussed 
fully  by  Robinson  (1051). In  his  paper  Robinson  showed  that 
as  the  thermal  contact  between  container  and  bath  becomes 


FIGURE  li-(d) 
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The  ordinates  are  in  units  of  03  in  and  adiacent  to  the 

a  *' 

adiabatic  region, and  in  units  of  an  in  and  adjacent  to 
the  isothermal  region. 

o)a  is  the  adiabatic  oscillation  frequency 
03^  is  the  isothermal  oscillation  frequency 

Q 

The  above  values  are  taken  at  T  =  2  K. 
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less  ideal  the  frequency  of  the  oscillations  decreases  and 

the  damping  increases.lt  seems  very  probable  in  the  case 

of  observations  made  with  the  wire-filled- tube  that  the 

thermal  contact  between  inside  and  outside  of  the  container 

was  such  that  there  was  a  decrease  in  oscillation  frequency 

and  an  Increase  in  damping  an'd  that  the  point  was  reached 
o  the 

at  about  2  K  where^aperiodic  region  described  by  Robinson 
(1951)  was  reached  (see  Fig.kd). 

The  onset  of  the  aperiodic 

region  at  the  isothermal  end  of  the  diagram  is  given  by  the 

9 

expression 

.JL 

1  5 

L/coa  =  l/2  “a/03!  =  2  (  1  +  ^  ) 
where  L  is  the  heat  leakage  factor  between  the  container 
and  bath. Up  to  about  T  =  2°K,  wa/co^  Increases  so  that  for 
a  given  value  of  L  there  is  a  chance  that  there  is  a  tem¬ 
perature  near  2°K  where  the  transition  to  the  aperiodic 
region  sets  In. It  may  be  that  the  thermal  contact  provided 
through  the  vapour  in  the  case  of  the  film  oscillations 
plays  a  very  important  part  In  minimising  temperature  dif¬ 
ferences  between  Inside  and  outside, if  the  damping  is  solely 
due  to  thermal  causes. The  value  of  L  can  be  estimated  by 
making  use  of  Robinson's  (195D  definition 

L  =  R/fV  C 

where  K  Is  the  heat  leakage  between  bath  and  container,  f> 

Is  the  density  of  liquid  helium, V  is  the  volume  of  the 
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container  and  C  Is  the  soecific  heat  of  helium  II. By  using 
the  dimensions  given  In  Chapter  I  for  V  and  using  values 
for  the  other  quantities  at  T  =  2°K,  L/co=  30.  -  I4.O  . 

This  Is  In  the  region  of  the  value  shown  for  the  onset  of 
aperiodic  region  in  Fig.(i|.)d  and  does  suggest  that  the  onset 
of  the  aperiodic  behaviour  corresponds  to  the  criterion 
given  by  Robinson. A  much  more  extensive  and  quantitative 
attack  would  have  to  be  made  on  the  problem  of  the  thermal 
contribution  to  damping, In  order  to  rule  out  the  possibility 
that  there  was  a  contribution  due  to  the  motion  in  the  par¬ 
ticular  type  of  superleak  employed. 

It  Is  Interesting  to 

note  that  in  the  present  experiments  the  observed  damping 
was  very  deoendent  on  the  intensity  of  the  light  source 
used  and  that  only  with  the  very  weak  neon  light  Illumination 
were  the  very  lightly  damped  oscillations  in  the  film  case 
observed. This  variation  in  intensity  of  the  light  source 
used  may  account  for  some  of  the  different  degrees  of 
damping  reported  by  various  experimenters ( see  Atkins 
(I960)  )  even  In  the  case  of  oscillations  Involving  the 
helium  film. 

As  the  thermal  linkage  between  the  helium  bath 
and  experimental  chamber  plays  an  Important  role  in  deter- 
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raining  the  oscillations, there  could  b©  some  excessive 
temperature  difference  due  to  the  Kapitza  boundary  layer 
inside  the  vessel  and  outside  causing  an  onset  of  the  aper¬ 
iodic  region. According  to  Kapitza  ( 19lpl )  the  thermal  transfer 

coeffeclent  ( the  number  of  watts  that  can  be  dissipated  per 

? 

cm  per  degree  rise  in  temperature)  across  the  solid-liquid 
boundary  is  given  by 

n  =  W  /  aT 

where  Mnff  for  small  temperature  difference  is  proportional 

3 

to  T  .For  a  clean  polished  copper  surface  the  order  of  mag¬ 
nitude  of  the  temperature  jump  is  given  by 

•  3  i  2 

AT/W  =  10/T  watt  cm  deg. 

As  with  a  decrease  in  temperature  the  Kapitza  resistance 
increases , this  onset  of  the  aperiodic  region  is  apparently 
not  caused  by  a  change  in  the  Kapitza  boundary  resistance. 

The  reason  why  it  was  suspected  that  a 
leak  developed  at  liquid  helium  temperature  was  that  when 
the  system  was  left  to  warm  up  to  the  room  temperature 
the  bulb  B  (Fig.  3  )  remained  intact  (as  it  could  not 
be  broken  because  the  carriage  got  jammed)  and  did  not 
blow  up. If  the  inside  of  the  experimental  vessel  were 
vacuum  tight  the  glass  bulb  would  have  blown  due  to  the 


excessive 
above  the 
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pressure  built  up  after  the  temperature  rose 
A-point, 


PART  II 
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CHAPTER  V 

GENERATION  OF  SECOND  SOTJND  IN  HELIUM  II 

IN  A  REVERSIBLE  MANNER 

Second  sound  was  predicted  theoretically  by  Tisza 
( 1938)  and  Landau  (1941)  and  was  first  observed  exoeriment- 
ally  by  Peshkov  (1946). In  the  original  experiment  by  Peshkov 
and  in  nearly  all  of  the  observations  made  with  second  sound 
since  then, the  temoerature  waves  have  been  produced  In  the 
helium  II  by  Irreversible  means  -  usually  with  a  heater 
made  from  fine  wire  or  a  carbon  film. 

Second  sound  consists 
of  true  temperature  waves  in  the  liquid  where  fluctuations 
in  temperature  are  a  first  order  effect  analogous  to  the 
fluctuations  in  pressure  in  ordinary  or  first  sound(  the 
name  "second  sound"  is  due  to  Landau  and  has  remained  in 
use). These  temperature  waves  progress  through  the  liquid 
helium  in  a  different  manner  from  the  way  a  fluctuating 
temperature  travels  In  a  "normal"  substance . For  instance 
In  second  sound  the  heat  flow  (current)  is  proportional 
to  the  temperature  excess  at  a  point , whereas  in  diffusion 
of  heat  through  a  medium  the  heat  flow  (current)  Is  pro¬ 
portional  to  the  temperature  gradient  at  the  point  in 
question. 
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Experiments  have  been  conducted  (e.g.Pellam 
and  Marcereau, 1957)  which  show  that  a  second  sound  wave 
undergoes  difl'rac tion, rei'lec  tion  etc.,in  appropriate 
circumstances  and  can  be  regarded  as  a  true  wave  motion 
to  which  the  analyses  or  wave  optics  may  be  applied. 

It  is 

of  interest  to  consider  the  situation  when  second 
sound  is  produced  by  means  of  a  heater  fed  with  a  continuous 
alternating  current . There  Is  a  fluctuating  temperature 
signal  which  is  superimposed  on  a  steady  background  heat 
flow  from  the  source. Where  such  continuous  signals  are 
used  in  an  experiment , there  is  no  longer  the  ideal  situation 
of  sinusoidal  temperature  signal  travelling  through  a  liquid 
essentially  In  thermal  equilibrium  but  a  series  of  positive 
heat  pulses  superimposed  on  a  unidirectional  heat  flow  - 
very  definitely  a  non-equilibrium  situation. This  criticism 
does  not  apply  fully  to  experiments  where  pulses  of  heat 
are  fed  into  the  heliur  II  at  sufficiently  low  repetition 
frequencies  for  the  thermal  equilibrium  to  be  essentially 
maintained. 

The  use  of  a  source  for  second  sound  production 
which  avoided  the  production  of  a  heat  flow  from  the  source 
and  which  produced  the  second  sound  essentially  without  Ir- 


reversible  heating  was  first  Investigated  by  Peshkov  (lblj.8), 
in  his  method  of  filtration. In  this  method #the  generator 
consists  of  a  small  box fone  side  of  which  is  made  of  a  co¬ 
pper  filter  with  a  large  number  of  fine  apertures  through 
which  only  the  superfluid  oart  of  liquid  helium  II  could 
flow. The  opposite  side  of  this  box  Is  a  steel  membrane  which 
Is  set  Into  vibration  as  a  microphone  diaphragm  so  as  to 
force  superfluid  through  the  filter. This  produces  relative 
motion  of  superfluid  and  normal  fluid  and  therefore  second 
sound. Thus  in  addition  to'  the  second  sound  this  method  also 
produces  ordinary  sound  but  the  amplitude  of  temperature 
oscillations  associated  with  the  second  sound  is  consider¬ 
ably  greater  than  those  of  the  first  sound. (In  his  set  of 

o 

of  observations  Peshkov  found  that  at  T  =  1.63  K  the  amp¬ 
litude  of  temperature  oscillations  for  ordinary  sound  was 
six  times  less  than  for  the  resonace  of  second  sound.)  The 
filtration  of  suoerfluld  method  becomes  less  effective  at 
lower  temperatures  because  of  the  preponderance  of  suoer- 
fl uid. 

The  only  other  method  for  the  reversible  production 
of  second  sound  which  has  so  far  been  described  was  intro¬ 
duced  by  Kurti  and  McIntosh  (1955). This  used  a  paramagnetic 
crystal  which  was  subjected  alternately  to  an  increasing 
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and  then  decreasing  magnetic  field. This  alternating  mag¬ 
netic  field  produced  successive  warming  and  coolings  in 
the  crystal  and  therefore  gave  rise  to  a  truly  sinusoidal 
temperature  wave. 

Standing  waves  of  second  sound  were  pro¬ 
duced  in  a  cavity  of  3.2  cm  long  and  1.8  cm  in  diameter. 

At  one  end  of  the  cavity  was  a  carbon  resistance  thermo¬ 
meter  serving  as  a  detector  and  at  the  other  end  a  freshly 
compressed  pill  of  iron-ammonium-al ura  was  placed, A  small 
coil  cooled  in  liquid  hydrogen  produced  an  alternating 
current  magnetic  field  of  amplitude  up  to  120  gauss  at 
frequencies  between  150  -  1200  cycles  per  second. The  tem¬ 
perature  excursions  as  measured  on  the  carbon  thermometer 

—  ]  i  0 

were  of  the  order  of  10  +  K, although  the  temperature  amp¬ 
litude  of  the  spin  system  of  the  paramagnetic  salt  was 
of  the  order  of  10  K°.This  is  partly  due  to  the  effect 
of  the  spin  lattice  relaxation  time  but  chiefly  to  the 
relatively  large  specific  heat  of  liquid  helium  in  this 

range .( Kurti  and  McIntosh  1955) 

Table  III(on  page  l±0)  shows  the  values  for  spin- 

lattice  relaxation  time  for  iron-ammonium-  alum  due  to 

Benzie  and  Cooke  (1^50). With  the  fall  of  temoerature  the 

relaxation  time  increas es ,^’his  puts  an  upper  limit  on 

the  frequency. 


TABLE  III. 


RELAXATION  TIMES  FOR  I RON- AMMONIUM- ALUM  (Benzie  and 

Cooke ,1950 ) 


TEMPERATURE 
(Degrees  K) 

Magnetic  Field 
( Oersteds ) 

Relaxation  Time 
(Sec  x  lo  -*) 

2.13 

285  -  968 

0.2  -  0.4 

0.93 

285  *  968 

1.5  -  0.4 

1.30 

400  -  795 

0.3  -  0.6 

0.91 

343  -  841 

1.4  -  3.5 

2.16 

400  -  748 

4  -  7.5 

0.94 

400  -  748 

44  -  8o 

2.16 

4oo  -  748 

1.5  -  2.5 

0.96 

4oo  -  748 

10  -  20 

— 

(The  values  given  above  are  for  four  different  samples 
used  by  Benzie  and  Cooke  (1950).) 


This  method  of  Kurti  and  McIntosh  seemed  to  be 
the  most  appropriate  way  of  generating  the  temperature  waves 
in  liquid  helium  II  for  exciting  a  superfluid  resonator  as 
suggested  by  Manchester  (1055). 

If  a  paramagnetic  salt  Is 

subjected  to  an  alternating  magnetic  field  at  liquid  helium 
temperatures  less  than  2.2°K  (below  the  X-point)  the 
magneto-caloric  effect  (a  change  in  temperature  which  results 
when  a  body  is  magnetized  adiabatically)  is  large  at  these 
temperatures  and  a  temperature  wave  of  sufficient  amplitude 
can  be  produced. For  a  suitable  crystal  in  a  magnetic  field 
of  120  gauss  at  1°K  this  temperature  amplitude  can  be 
calculated  with  the  help  of  thermodynamics. 

A  paramagnetic 

salt  obeys  Curie’s  law  at  temperatures  In  the  region  of 

o 

Interest  (from  2 °K  to  just  under  1  K), 

(1)  X  =  C/T 

where  is  a  constant , "T"  the  absolute  temperature  and 

the  susceptibility. 

Let  this  salt  be  placed  in  an 
al  tenia  ting  magnetic  field  produced  by  an  alternating 
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current  of  frequency  to. Thus  If  the  magnitude  of  the  field 
produced  Is 

H  =  H  sin  cot 
o 

the  temperature  generated  would  have  a  frequency  2co  as 
illustrated  in  diagram  (on  page  43). 

Now  for  a  body  like  this 
from  thermodynamics  (see  Zemansky  1957), 

-  T  H(0X/aT) 

(  »T/»H)a>p  =  ‘  ' 

Using  (1)  this  reduces  to 

=  hc/tcp,h 

c>T/dt  =  CH/TCp  H  (SH/dt) 

For  E=H0  sin  cot 

H  =  (o  H0  cos  cot 

,  2 

d/dt(AT)  =(C/TCp  to  sin  cot  cos  cot 

p 

=  CcolJ0/2TCp  p  sin2cot 

=  -  CHq/  4TCp  p  cos2cot 


'P,H 


THC/  T  C 


P  .H 


This  gives 


■ 


43 


Diagram  illustrating  the  temperature  wave 
of  frequency  2co  when  the  applied  field  was 
generated  by  applying  alternating  current 
of  frequency  co.The  units  used  are  arbitrary. 
(  see  page  L| 2  for  derivation  of  2co)  . 


kk 


The  maximum  amplitude  is  therefore 

T  =  -  CH^  /  lt.TC 

£ 

For  iron-ammonium-al urn  the  specific  heat  constant  A/R  (deg) 

( see  Zemansky  1957)  is  given  as 

C/R  =  A/R  x  l/T2 

G  =  (8.31A81)  x  (0.0114-2)  x  (l/T2)  Joule 

gra  deg 

=  8.31  x  1.1+2  x  10"4  (l/T2) 

- CTl  - - - 

At  T  =  1°K 

0  —l].  , 

C  =  2  x  10  joule/gm  deg 

«  o 

O 

=  2  x  10  erg/  K°  gm 

AT  85  9  x  10~3  ( 120) 2 

4  x  1  x  2  x  10  9 

=  2  x  10”2  deg  K. 


(The  value  of  HQ  is  taken  as  120  gauss) 
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CHAPTER  VI 

THE  EXPERIMENTAL  APPARATUS 

THE  CRYOSTAT. 

In  designing  the  cryostat  for  the  reversible 
generation  of  second  sound  due  consideration  had  to  be  gi¬ 
ven  to  accommodating  the  resonator  which  could  be  observed 
visually  and  the  designing  of  a  coil  to  produce  the  required 
alternating  current  magnetic  field  without  giving  unwanted 
heat  input. A  number  of  attempts  were  made  to  design  an  ap¬ 
propriate  coil  before  the  present  design  described  gave  a 
satisfactory  field  for  generation  of  temperature  waves. 

The  main  body  of  the  cryostat  was  the  same 
as  discussed  in  part  I. Few  changes  made  in  the  present  de¬ 
sign  are  Illustrated  In  Fig. (5). The  lower  part  of  the  glass 

jackets  - -  and  C  (Fig.l)  was  narrowed  down  so  that 

the  paramagnetic  salt  ( Ferric-Ammonium-Alum)  pill  could  be 
slid  in  easily  In  the  inner  Wnet  at  P  (Fig. 5)  and  a  coil- 
former  was  slid  on  the  outside  jatKetr  such  that  the  pill  was 

tt 

at  the  center  of  the  coil. A  lead  wire  of  0.02  diameter 
was  wound  so  that  when  an  alternating  current  was  passed 
through  It  the  required  field  was  obtained  (see  Fig. 6 
giving  the  alternating  current  magnetic  field  values). As 

the  coil  was  in  liquid  helium  bath  (4.2°K)  lead  wire  was 

A 


P  I  G  U  R  E  (5) 


used  because  of  Its  superconducting' property . The  heat 
generated  by  the  electric  current  was  small , ore sumably  the 
only  contribution  was  from  the  leads  down  to  the  coil. 

A 

carbon  resistance  thermometer  was  used  to  detect  the  ge¬ 
nerated  thermal  waves  at  the  end  of  the  lueite  tube  L.The 
signal  was  amplified  (see  Fig. 7)  and  then  displayed  on  a 
cathode  ray  oscilloscope. 

During  the  earlier  experiments 
the  winch  W, ( Fig. 1 )described  In  part  I, was  replaced  by  a 
knob  to  which  a  rod  R  (Fig.5)was  attached. This  rod  helped 
the  bridge  arrangement  inside  the  shielded  box  E  to  be  pro 
perly  adjusted  to  detect  a  signal. All  pumping  tubes  were 
the  same  as  those  descibed  in  part  I. Pressure  measurements 
were  also  done  in  the  manner  discussed  before. 

PARAMAGNETIC  SALT  PILL. 

A  pill  of  the  paramagnetic  salt 

(Ferric-Ammonium-Alum)  1,7  cm  in  diameter  and  2.3  cm 

long  was  made  by  compressing  the  finely  powdered  salt 

2 

at  a  pressure  of  1200  lb/inch  .It  Is  well  known  that 
the  exposed  surfaces  of  such  a  salt  pill  disintegrate 
rapidly  due  to  the  loss  of  water  of  crystallize tion. So 


to  have  the  least  area  of  the  surface  exposed  a  coating 
of  nail  varnish  was  used  and  for  added  protection  the 
salt  pill  was  put  in  a  thin  lucite  casing  before  it  was 
slid  in  the  narrow  part  P  (Pig, 5)  of  the  inner  copper- 
glass  seal, 

COIL  FOR  PRODUCING  A/C  MAGNETIC  FIELD, 

In  the  earlier 

attempts  of  making  a  coil  to  produce  an  alternating 
current  magnetic  field  up  to  120  gauss  it  was  thought 
that  a  Helmholtz  set-uo  of  700  turns  of  B  and  S  gauge 
#  26  copper  magnet  wire  shoud  give  the  required  field 
when  an  audio-amplifier  was  used  as  current  supply. To 
avoid  excessive  heating  in  the  helium  bath  ( I4-.  2°K) 

tv e  best  way  to  wind  the  coil  was  to  keep  it  in  the 
liquid  air  dewar.But  this  proved  of  no  use  as  the  field 
produced  was  nowhere  close  to  the  required  one  for  ge¬ 
nerating  the  thermal  waves  .After  a  couple  of  more  unsuccess¬ 
ful  attempts  it  was  decided  to  use  lead  wire  and  keep  it 
In  the  helium  bath. 

Pure  lead  (09.997  %  )  wa s  used  to  ex- 

H 

trude  the  0.02  diameter  wire. A  special  extruder  was  made 
for  this  purpose  and  the  facilities  of  the  Metallurgy 
Department  at  the  University  of  Alberta  were  used  to  make 


1TRRENT  Vs  FIELD  FOR  rrTE  LEAD  WIRE  COIL 
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the  wire .The  G.E.( baking  type)  varnish  was  used  for  insu¬ 
lation  by  electrically  heating  the  wire. After  winding  the 
wire  for  a  few  turns  on  the  hard  wood  coilformer , it  was 
noticed  that  the  varnish  blobs  made  the  turns  uneven  so 
the  nail  varnish  was  used  for  insulation. This  was  tried 
at  helium  temperatures  and  no  obvious  heating  effect  was 
noticed  in  the  experimental  chamber  though  the  coil  was 

Q 

in  the  helium  bath  at  4.2  Ke 
ELECTRICAL  CIRCUITS. 

The  coil  for  supplying  the  alternating 
magnetic  field  which  produced  the  temperature  oscillations 
in  the  paramagnetic  crystal  was  connected  to  the  output 
of  a  60  watt  amplifier  which  was  driven  by  an  audio  signal 
generator( see  Fig. 6  for  the  magnetic  field  produced ). The 
circulating  current  in  the  coil  could  be  made  as  high  as 
2  amperes  which  corresponds  to  a  field  of  200  gauss  at 
the  position  of  the  crystal  (i.e.100  gauss/amp. ) .This 
should  be  sufficient  to  provide  a  temperature  signal 
of  amplitude  great  enough  to  be  detected  (see  Fig. 7  on 
page  50). The  wires  leading  to  the  coil  and  part  of  the 
coilformer  were  covered  with  lead  foil  to  provide  mag¬ 
netic  shielding  so  that  a  minimum  of  stray  magnetic  field 
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would  affect  the  thermometer  circuit. 

One  face  of  the  para¬ 
magnetic  crystal  of  powdered  and  compressed  ferric-ammonium- 
alum  formed  one  end  of  a  small  cavity  in  which  the  temperature 
oscillations  were  excited. The  other  end  of  the  cavity  was 
formed  by  a  circular  disc  of  stiff  paper  coated  with  aquadag 
which  formed  the  detecting  resistance  thermometer( see  Appendix 
II  for  description  of  the  resistance  thermometer) . The  re¬ 
sistance  thermometer  was  fed  by  a  small  D.C, current  of  up  to 

the 

a  few  milliamps  and/fluctuating  potential  difference  across 
the  thermometer  due  to  the  incoming  second  sound  signal 
was  fed  into  the  primary  of  a  step  up  transformer  with  a 
ratio  of  25/50. The  output  of  this  transformer  was  fed  in¬ 
to  a  two  stage  audio  pre-amplifier  and  from  there  to  the 
input  of  an  oscilloscope . The  pre-amplifier  behaved  as  a 
tuned  amplifier  which  could  be  set  at  frequencies  between 
100  and  approximately  1500  cycles  per  second. This  was  ac¬ 
complished  by  having  a  Wien  bridge  in  a  feedback  loop  bet¬ 
ween  the  two  stares. The  tuned  amplifier  was  used  in  order 
to  eliminate  as  far  as  possible  the  effects  due  to  stray 
signals  picked  up  in  the  thermometer  circuit  -  these  arose 
mostly  from  the  alternating  magnetic  field  used  to  excite 
the  paramagnetic  crystal  and  from  the  60  cycle  mains  supoly. 


■ 
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As  the  tuned  amplifier  was  set  at  twice  the 
frequency  of  the  signal  fed  to  the  mar net  coil  in  order  to 
detect  the  second  sound  sirnal  (see  pare  SO)  and  lead 
shielding  was  used  as  much  as  possible f there  was  not  a  rreat 
effect  from  the  magnetic  field  of  the  driving  coil  ..At  times 
a  phase  shift  network  was  used  to  feed  a  small  si  nal  from 
t!  e  magnet  circuit  into  the  amplifier  circuit  with  such  a 
phase  that  the  s tra;  signal  seen  on  tie  oscilloscope  screen 
was  cancelled  out. 

A  more  important  source  of  interference 
was  the  60  cycle  mains  sunoly  even  though  a  tuned  amplifier 
was  used. The  M noise’1  produced  by  this  source  wo  s  harder  to 
keep  down  to  a  low  enough  level.lt  was  not  a  cure  signal  as 
in  the  case  of  the  magnetic  field  and  not  as  well  localised. 
With  the  present  arrangement  second  sound,  has  not  been  de¬ 
tected  and  the  principal  problem  is  to  reduce  the  electrical 
background  sufficiently  to  observe  t:  e  signal  clearly  at  the 


expected  level. 


. 
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APPENDIX  I. 

THE  WIRE- FILLED- TTJ3E  f  SUPERLEAK) 

Allen  and  Misener  (1°3°) 

i'irst  Introduced  these  tubes  and  since  then  they  have  been 

fi 

extensively  used  by  Brcwn  and  Mendelsohn  (1947)  and  Manchester 
and  Brown  ( 1957) . During  the  Hirst  few  runs  the  wire-filled- 
tube  used  was  the  one  used  by  Manchester  (1955)  in  his 
experiments  on  adiabatic  oscilla tions. In  the  later  runs  it 
was  decided  to  make  a  new  tube  as  this  old  one  was  suspected 
to  be  blocked. The  techniques  used  were  those  suggested  by 
Manchester. 

A  bundle  of  fine  constantan  wire  (1200  wires  of 

ff  •  ft 

0.002  diameter)  was  placed  in  a  cupro-nickel  tube  (  0.130 

ft 

0 .  D .  and  11-^  long)  and  this  tube  was  drawn  through  a  suc¬ 
cession  of  holes  In  a  steel-die  plate. As  the  tube  got 
thinner  after  each  drawing, the  space  between  the  wires  got 
smaller  and  smaller . After  the  tube  had  been  drawn  through 

t» 

six  holes  (die  #  34*0*103  O.D.)  helium  gas  was  passed 

through  it  to  check  that  It  was  not  blocked  and  estimate 
the  cross-sectional  area  of  the  channels. 

In  order  to  avoid. 

the  splitting  or  cracking  of  the  tube  it  was  annealed  after 
it  had  been  drawn  2-3  times, In  spite  of  all  this  care  the 

ft 

tube  cracked  after  being  drawn  through  die  #  34  (O.D  0.103  ). 


A  QUA  DAG-  RESISTANCE  CALIBRATION . 


TEMPERATURE 
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For  measuring  the  channel  cross- sec tion , the  tube 
after  being  sealed  to  the  experimental  vessel  was  placed 
in  a  glass  cone  which  was  sealed  into  an  arrangement  where 
helium  gas  could  be  supplied  to  one  end  of  tube  and  the 
other  was  connected  to  a  vacuum  system  equipped  with  a 
McLeod  gauge. The  rate  of  rise  of  pressure  was  measured 
in  the  vacuum  system  when  the  pump  was  shut  off  and  the 
helium  gas  was  flowing  in  the  tube. This  helped  in  finding 
the  volume  flow  rate, and  estimating  the  channel  width  by 
applying  the  Poiseulle  *  s  relation  for  streamline  in  a 
channel  of  rectangular  cross-sectional  area  with  parallel 
sides  viz. , 

h3  =  12 v;  1  V  /  *p  a 

where  "  5  "  is  the  viscosity  of  gas/'l"  the  length  of 

o 

channel, V  the  volume  rate  flow  and  "a"  channel  breadth. 
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APPENDIX  II 


Carbon  (Aquadag)  home  made  resistance  thermometers 
were  used  for  detecting  the  second  sound  generated  as  similar 
resistors  have  been  used  by  many  experimenters  (Laredo  1955, 
Kramers  1955)  satisfactorily .Aquadag  (collidal  carbon)  was 
painted  on  circular  thin  cardboard  sheet  (2.5  cm  in  diameter). 
The  leads  were  of  fine  constantan  wire  (B  and  S  gauge  #  36) 
tightly  wound  around  two  small  symmetrical  wings  of  sheet 
(see  Pig, 9). To  obtain  good  thermal  contact  a  layer  of 
aquadag  was  painted  on  the  wires  in  contact  with  the  card¬ 
board  sheet, as  well .Nail  varnish  was  used  to  keep  the  cons¬ 
tantan  wire  in  position. 


A  calibration  curve  for  the  aquadag 
resistor  is  shown  in  Pig. (8) .The  sensitivity  (defined  as 
1  dR  where  R  is  the  resistance  In  ohms  and  the  temoerature 

IT  3T,  <kf- 

T  In  absolute  degrees)  for  the  resistor  was  0.076  at  2.5  K. 

k 


FIGURE. (9) 


Aquadag  painted  carbon  resistance. 


■ 
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